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ABSTRACT
An assay has been established for the quantitative determination of the production
of extracellular lipases by C. acnes and coagulase negative cutaneous cocci. The pH
dependency of lipolytic activity has been assessed. It has been shown that at the low pH
of the cutaneous surface, lipase activity is markedly suppressed, although production of
lipase is not inhibited if bacterial growth occurs. The implication of these effects for the
production of free fatty acids on the skin surface are discussed.
The lipolytic activity of human skin sur-
faces has been amply documented and clearly
linked in major part to bacterial action (1—4).
The role of the free fatty acids released by
such lipolysis in the pathogenesis of acne
vulgaris has spurred recent detailed explora-
tion of the microbial lipases, Lipolysis of
triglyceride by cultures of cutaneous coagulase
negative staphylococci (5) and by Coryne-
bacterium acnes (6, 7) has been established
thus linking both of the major resident bacteria
on the human skin to surface lipolysis. The
latter reports have been also concerned with
qualitative variations in lipolytic activity
against different triglycerides. However, no
quantitative data are yet available on the
lipolytic potential of the cutaneous flora in
pathological and normal states. Nor has any
effort been made to define the effect of the
cutaneous environment on bacterial lipolysis.
The present studies, therefore were designed to
1) develop a quantitative assay of the lipases
of the major resident bacteria, and 2) assess
the effects of certain environmental factors on
lipolytic activity.
MATERIALS AND METHODS
Coagulase negative staphylococci and micrococci
were isolated from the unprepared skin of the
forehead of human subjects. Swabs were cultured
overnight in Brain Heart Infusion broth (Bill)
and streaked on Staph 110 medium (Difco) from
Received June 12, 1969; accepted for publica-
tion July 21, 1969.
This investigation was supported by Research
Grant GM 14553, National Institutes of Health.
* From the Department of Dermatology. North-
western University School of Medicine, Chicago,
Illinois 60611.
422
which coagulase negative, nonpigmenting cocci
were selected for further investigation. No attempt
was made to identify specific species and for the
purpose of the following report all organisms were
designated simply as cocci. After the initial iso-
lation organisms were activated in Brain Heart In-
fusion Broth (BHI) (Difco) for 12 hours prior to
further study.
Corynbacterium acnes was obtained in lyophi-
lized form from the American Type Culture Col-
lection (Rockville, Md.) Four different strains
(6919, 6921, 6922, and 6923) were employed and
in each case cultures were activated in thiogly-
collate liquid medium (Difeo) for 2—4 days prior
to use. Two isolates of C. acnes were obtained from
human subjects by streaking a suspension of
comedones on 5% blood agar plates with 1% dex-
trose and incubation under Nitrogen at 370 C.
Small translucent grey colonies consisting of the
characteristic pleomorphic gram positive rods and
failing to grow aerobically were selected for
further study, and propagated in thioglycollate
broth.
Since lipase activity of organisms was observed
to decline after multiple passages of isolates in
artificial media, only freshly isolated organisms or
new reactivated commercial cultures were em-
ployed.
Initial efforts were directed toward developing
an assay which would permit production of lipase
activity to be quantitated. Preliminary experi-
ments demonstrated that lipolytic activity could
be recovered from the medium in which cocci or
C. acnes were grown in the absence of lipid; thus
in the assay procedure lipase activity was esti-
mated in growth media after organisms had been
removed.
Bacterial Cultures
Cocci were cultured in Brain Heart Infusion
Broth (Bill) (Difco). 1 X 10 cells were inoculated
into 10 ml of culture medium and incubated with
constant shaking at 370 C. Maximal growth was
achieved in 4 to 6 hours followed by a progressive
decline in viable organisms after 7—8 hours (vide
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infra). Incubations were thus carried out routinely
for 5 hours.
C. acnes was cultured in BHI, supplemented
with 0.1% Na thioglycollate and 1% dextrose,
under N2 at 37 C. Maximal growth was achieved
in 48 to 72 hours.
At the end of the growth period, media were
centrifuged at 2500 rpm for 15 minutes at 40 C.
The sedimented organisms were washed and resus-
pended in distilled water and optical density
was determined in a Coleman Jr. spectrophotom-
eter at 660 . Straight line curves were achieved
with concentrations of viable cells ranging from
8 )< 10 to 9 X 108 organisms as judged by colony
counts of serially diluted specimens. Maximal
growth varied from 8 X 108 to 1 X 10° cells.
Assay of Lipase Activity
Media from which organisms had been removed
were used without further purification or after
dialysis for 24 hours against distilled water. Peni-
cillin (100 units) and streptomycin (100 g) were
added to prevent further bacterial growth; rou-
tine incubation of such media were performed to
assure sterility.
1.0 ml of medium was supplemented with 0.1
ml of an emulsion of olive oil in 2% gum acacia
(1:4); and 0.1 ml .05 M phosphate buffer (pH
7.4). Dialyzed media were further supplemented
with 0.1 ml .05 M CaC12. Addition of calcium
had no effect on lipase activity in undialyzed
medium. However only traces of activity were
present in dialyzed medium in the absence of
calcium.1'
The mixture was incubated for 30 mm. at 370 C
in a Dubnoff Metabolic Shaker. Preliminary stud-
ies showed that the reaction was linear throughout
this period. Incubations were terminated by the
addition of 5 volumes of heptane: isopropanol: 1
N H2S04 (1:4:0.1) and free fatty acids were ex-
tracted by the method of Dole et at. (8). In ac-
cord with this method 3 washes with blank lower
phase were used to remove organic acids other
than long chain fatty acids. This was necessitated
by the marked production of organic acids by or-
ganisms in the presence of dextrose. Recovery of
added oleic acid in this system was 98% and titrat-
able acidity in freshly harvested media was ef-
fectively removed by the multiple washings. Ti-
tration of long chain free fatty acids thus isolated
was performed as described previously (5). Con-
trol assays using blank media were conducted
concurrently; spontaneous hydrolysis of the sub-
strate was minimal but the appropriate correc-
tion was applied to the assay samples.
Lipase activity was expressed as microequiv-
alents free fatty acids liberated per 0.1 unit of
t Stimulation of lipase activity by calcium has
been described for mammalian lipases, and for
the lipase of S. aureus (9). In the latter instant,
the removal of liberated fatty acids by formation
of insoluble complexes with calcium has been im-
plicated as the mechanism.
optical density of bacterial suspension (FFA/O.D.
X 10). Duplicate analyses were routinely per-
formed and varied less than 3%.
RESULTS
Variability of lipa.se activity
Variation in activity of individual isolates
were assessed. Freshly isolated cocci from 10
human subjects were streaked on plates of
Staph 110 solid medium (Difco) and grown for
48 hours. Two or three individual colonies
were removed and separately cultured in BHI
under standard conditions. Growth and lipase
activity were assessed. As shown in Table I,
lipase activity of the isolates ranged 1.21 to
6.44 cEq FFA/O.D. x 10. However, the
activity of different colonies of each of the
isolates showed an average deviation of
Variations in lipase activity of isolates of
cocci from the same subject at different times
were also assessed. In 4 subjects organisms were
isolated on 5—6 occasions during a 30 day pe-
riod. As shown in Table II, there was not only
variation in the activity of organisms from
different subjects but also considerable varia-
tion from day to day in some of the subjects.
(Although the sample is too small for statis-
tical evaluation the variation in the lipase ac-
tivity in these experiments appears to be
TABLE I
Reproducibility of lipase assay
Fresh isolates of cocci streaked on plates. Two
or three colonies cultured in BHI. Medium assayed
for FFA release in usual manner. Assay System:
1.0 ml medium, 0.1 ml lipid emulsion, 0.1 ml .05 M
phosphate buffer, pH 7.3. Results expressed as
,.Eq fatty acid released per 0.1 unit of optical
density of washed and resuspended bacterial cells.
(Eq FFA/OD )< 10).
No. of colonies Mean lipase activity(aEq FFA/OD X 10) S.D.
3 3.22 0.20
3 2.63 0.26
3 6.44 0.22
3 1.21 0.08
3 3.37 0.72
2 1.36 0.06
2 2.93 0.10
2 1.57 0.29
2 1.68 0.18
2 2.43 0.18
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TABLE II
Lipase activity of cocci on serial cultures
Organisms isolated from foreheads of four subjects at varying intervals. For details of culture
and assay see Table I.
Lipase activity: eEq FFA/OD X 10
Subject Sex/Age
Day
Mean SD
1 2 3 15 16 30
M/41 0.82 0.74 0.96 0.92 1.47 — 0.98 .28
M/23 1.21 0.81 — 2.44 2.90 1.03 1.67 .83
F/22 1.32 1.32 1.19 1.42 1.22 1.70 1.36 .18
F/24 2.49 2.86 3.34 2.38 2.72 2.81 2.77 .32
greater than that encountered for a single
isolate (Table I)). This variation may be due
to chance selection of different species and
strains of cocci on different days or may rep-
resent adaptive changes in a given strain.
Effect of pH on Bacterial Lipase
In preliminary experiments it had been ob-
served that C. acnes, grown in thioglycollate
liquid medium (T. G.) (Difco) in the presence
of olive oil, failed to liberate fatty acids and
that lipase activity could not be demonstrated
in freshly harvested, undialyzed medium in
which organisms had been grown. By contrast
activity could readily be demonstrated in BHI
medium. Since T. G. (unlike Bill) is an un-
buffered medium, NaH2PO4 was added to T. G.,
and lipase activity could now be demonstrated.
Further studies were then undertaken to
delineate the effects of pH on production and
activity of bacterial lipases. C. acnes and cocci
were grown in standard fashion. Separated
media were dialyzed for 24 hours against dis-
tilled water. The pH of aliquots of the media
was adjusted with 0.1 N NaOH or 1101 and
buffered with .05 M Na acetate (pH 4.0—5.7),
Na phosphate (pH 6.0—7.5), or Tris(hydroxy-
methyl) amino methane (Tris) (pH 7.0—8.5).
NaH2PO4 or Na2ilPO was added to Tris and
acetate buffers respectively to maintain con-
stant concentrations of phosphate ion. CaCL and
lipid emulsion completed the assay (Fig. 1).
Lipases produced by both organisms had
optimal activity at about pH 7.0. The relative
effect of declining pH appeared to be greater
for cocci than C. acnes. Thus the activity at pH
7 was seven times as great as that at pH 5 for
cocci and less than two times as great for C.
acne.s. The presence of phosphate ion had little
effect on the shape of the p11 curve for cocci
but appeared to increase relative activity at
alkaline end of the curve for C. acnes resulting
in a less sharply defined maximal response.
When organisms were grown in the presence
of dextrose in BHI (containing 0.25% Na-
H2P04) the pH tended to decline markedly.
Experiments were therefore conducted to de-
termine the effect of pH on production of lipase
as well as on its activity.
Organisms were grown in standard fashion.
The medium was harvested and pH determined.
It was then dialyzed and buffered at the ter-
minal pH and at pH 7.0 and assayed for lipase
activity. Terminal pH (Table III) was quite
low (5.1 and 5.4) but maximal growth was
present (.45 to .47 O.D.). On assay of the
medium of cocci, no lipase activity could be
demonstrated at the terminal growth pH (5.4)
but was abundant if the pH was raised to 7.0.
Similarly, activity for C. acnes was doubled
when the pH of the assay system was raised
from 5.1 to 7.0. It was thus evident that lipase
was present, but its activity was inhibited by
the low pH of the growth medium.
Since the pH of the culture media declined
only after considerable bacterial growth had
occurred, the above experiment did not en-
tirely rule out an effect of pH on lipase produc-
tion. Accordingly, experiments were conducted
to compare the activity of lipase produced by
organisms grown at constant acid pH to the
activity of lipase produced in media with
declining pH. Small innocula of cocci were
grown in standard fashion in Bill supple-
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COCCI c. clcnes
S.—. — P04
°—•-° + P04
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FIG. 1. Dialyzed medium from standard cultures of cocci and C. acnes assayed as de-
scribed in text, after adjusting pH with 0.1 M HC1 or NaOH. Assay system: 1.0 ml me-
dium, 0.1 ml .05 M buffer (Acetate, Na phosphate, Tris), 0.1 ml lipid, 0.1 ml .05 M CaCI2.
0.1 ml .05 M Na HPO4 or Na2HPO4, added to acetate or Tris in experiments with phosphate.
mented with Na acetate or Na phosphate
buffer (pH 4.2, 5.0 and 6.0, 7.0 respectively),
as well as in unsupplemented Bill (pH 7.2). At
the end of growth organisms and media were
separated. Optical density of the organisms was
determined and final pH of the media was
measured. Aliquots of the unsuppleinented
media were adjusted to match the final pH of
the supplemented media and acetate and phos-
phate buffers added to the same concentration.
Lipase activity of all media was assayed with-
out prior dialysis (Table IV).
The pH of supplemented media was main-
tained throughout growth while that of unsup-
plemented Bill declined as usual. Below pH 6
there was insufficient growth to determine
lipase activity. Lipase activity observed when
growth and assay were conducted at pH 6.0
was the same as that in unsupplemented media
assayed at 6.0 (1.8 JLEq FFA/O.D. X 10).
Similarly the activity of media when growth
and assay was conducted at pH 7.0 was like
that of unsupplemented media assayed at pH
7.0 (3.0 and 3.4 tEq/O.D. x 10 respectively).
The findings suggest that although pH affects
the activity of bacterial lipases, it has no sig-
nificant effect upon the production of lipase if
bacterial growth occurs.
TABLE III
Effect of pH on lipase activity
Organisms cultured in usual media (see text).
Media separated, dialyzed and adjusted to de-
sired p11. Optical density (O.D.) measured. Assay
system: 1 ml medium, 0.1 lipid emulsion, 0.1 ml
.05 M CaC1,, 0.1 ml .05 M Tris buffer (pH 7.0)
plus 0.1 ml .05 M Na2HPO4 or 0.1 ml .05 M Na.
acetate buffer (pH 5.1 and 5.4) plus 0.1 ml .05 M
NaH2PO4.
Culture medium Assay medium
Initial
pH
Final
pH O.D. 11
Lipase
activity
5EqFFA/O
X 10
C. acnes 7.3 5.1 0.450 5.1
7.0
.26
.50
Cocci 7.3 5.4 0.460 5.4
7.0
0
3.6
DI5CUSSION
Previous studies have characterized extra-
cellular lipases of S. aureus and some coagulase
negative staphylococci (10, 11, 12, and 5) as
well as lipolysis by cultures of C. acaes (6, 7).
However, quantification of bacterial lipolysis
LI
0w
3.0
2.0
l.0
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TABLE IV
Effect on pH on growth, production of lipase and
lipase activity of cocci
Cocci cultured in (1) Bill buffered with Na
Acetate (pH 4.2 and 5.0) and Na Phosphate (pH 6
and 7.0) or (2) Bill. Media separated and (1)
assayed with 0.1 ml lipid and 0.1 ml H20., or (2)
adjusted to desired pH and assayed with 0.1 ml
f appropriate buffer. Optical density of orga-
nisms (O.D.) measured.
Culture E ediuin Assay medium
Composition
(1)BHlbuffer
Initial
11
4.2
5.0
6.0
7.0
Final
11
5.0
5.2
6.1
7.0
O.D.
.008
.032
.218
.160
11
5.0
5.5
6.0
7.0
Lipase
activity
pEq
FFA/OD
x lo
—
—
1.8
3.0
(2) Bill 7.2 5.5 0.135 7.0
6.0
5.5
4.5
3.4
1.8
0.5
0
has not been previously attempted. The present
studies provide a method, including rigidly de-
fined conditions of growth and lipolysis, which
permits a quantitative assessment of the lipo-
lytic potential of bacterial isolates. The assay
may serve to define differences in the lipolytic
activity of the cutaneous flora in acne and other
conditions of seborrheic areas.
The assay additionally provides a system in
which the effects of environmental factors on
bacterial lipolysis may be assessed. The present
studies have focused upon the effects of pH on
bacterial lipolysis. Both coagulase negative
cocci and C. acnes produced lipases with a pH
optimum close to 7.0 and with activity over a
broad pH range. The optimal pH differs
from that of highly pruified lipase of S. aureus
(8.0—8.5) (12) (and from such mammalian
lipases as pancreatic lipase). Although the ob-
served differences may be due to the relative
impurity of the dialyzed enzyme employed in
the present studies, they could equally reflect
real differences in lipases of the normal skin
flora from pyogenic staphylococci.
Failure to appreciate the pH dependencies of
bacterial lipases may account for the variabil-
ity in activity of different strains of C. acnes
grown in commercial T. G. medium reported
by other (7). In contrast to their findings of
trace activity against triolein and absent ac-
tivity against tripalmitin in some strains, in the
present studies all strains showed substantial
lipolytic activity against olive oil, (chiefly
triolein).
The effect of pH below 7.0 on bacterial
lipases may also be of clinical relevance. Al-
though there are large individual differences,
the pH of the skin surface tends to fall be-
tween 4.2 and 6.0 in the majority of subjects.
pH is higher in intertriginous and seborrheic
areas, than on extremities (13). Marked indi-
vidual variations from day to day (as much as
from 4.5 to 6.0) have been reported in the same
area of skin (14) as well as changes correlating
with the menstrual cycle (13).
In consideration of the above, certain in-
ferences may be drawn from the present data.
At prevailing average skin pH, the enzymatic
activity of available lipase is likely to be de-
pressed. Small differences in pH below 6.0 effect
rather large changes in lipase activity. Thus pH
may be one of the determiriates that controls
the free fatty acid concentrationt in surface
lipids. Furthermore, acute changes in pH (as
induced by sweating, for example) may acutely
affect lipolysis irrespective of more delayed
effects on bacterial growth. Obviously, the role
of skin pH, under varying conditions, in de-
termining the ultimate concentration of free
fatty acids in seburn awaits future exploration.
In this regard, it must be noted that the pre-
vailing pH in the follicular breeding ground of
the cutaneous flora is not known. It may differ
significantly from the surface pH and might
indeed, be more favorable to lipase activity as
well as bacterial growth. It is of interest that
the lipase of C. acnes seems to be relatively less
sensitive to low pH than that of S. albus. In
view of the overwhelming preponderance of
C. acnes on the skin, it seems likely that at
low pH it may make a disproportionately
greater contribution to the liberation of free
fatty acids than coagulase negative cocci, al-
In the author's experience, the concentration
of free fatty acids in sebum cannot be correlated
with the concentration of available esterified fatty
acid. Differences in lipolysis may well be condi-
tioned by a variety of factors, such as numbers
of organisms, their intrinsic lipolytic activity, as
well as such environmental factors as pH, hydra-
tion, etc.
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though the latter appear to have greater lipo-
lytic potential.
The present findings would suggest that as-
sessment of the lipolytic potential of bacteria
should include conditions which will yield
maximal lipolysis. Conversely, extrapolation to
lipolysis in vivo, must include consideration of
the potentially modifying factors in the envi-
onment, of which pH is one.
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